Introduction
============

Melanoma has been known as one of the most aggressive and treatment-resistant human cancers.[@b1-btt-10-089] The 5-year survival rate of melanoma is \<10% and it is the topmost cause of death from skin cancer.[@b2-btt-10-089],[@b3-btt-10-089] No especially effective therapeutic modality has yet been found, except for early surgical resection, which means melanoma has a very low overall survival.[@b4-btt-10-089] In recent years, genetic, epigenetic, and protein biomarkers appear in our field of vision with the advancements in molecular technologies,[@b5-btt-10-089],[@b6-btt-10-089] and new therapeutic strategies produce unquestionable clinical benefit in melanoma. However, these strategies still fail to prolong the survival of patients with melanoma. Therefore, it is necessary to explore sensitive and specific molecular markers associated with the diagnosis and progression of melanoma.[@b4-btt-10-089]

As an upstream regulator of RhoA, guanine nucleotide exchange factor H1 (GEF-H1) is considered to regulate diverse biological functions in tumor cells.[@b7-btt-10-089] GEF-H1 induces the increase of GTP-bound form of RhoA to activate RhoA oncogene[@b8-btt-10-089]--[@b10-btt-10-089] and then activates various signals into downstream signaling cascades, such as proliferation, metastasis, and cytoskeleton reorganization.[@b11-btt-10-089] GEF-H1 is overexpressed in hepatocellular cancer, and it is a transcriptional target of gain-of-function p53 mutants and was found to be associated with metastasis.[@b12-btt-10-089]--[@b14-btt-10-089] Brecht et al[@b15-btt-10-089] showed that GEF-H1 could induce tumor formation in nude mice. Frolov et al[@b16-btt-10-089] found that when gastrointestinal tumors were treated with imatinib, GEF-H1 was significantly downregulated in response. In addition, researchers found that GEF-H1 was required for the survival of many cancer cells, such as breast cancer, colon cancer, lung cancer, and ovarian cancer.[@b17-btt-10-089] All these data indicate that GEF-H1 has a significant contribution to cancer progression.[@b18-btt-10-089] However, there was little research with regard to the role of GEF-H1 in melanoma. We speculated whether the expression of GEF-H1 in melanoma is correlated with the clinical characteristics and mechanisms of action.

In this study, we detected the expression of GEF-H1 in melanoma specimens, clarified the correlation between survival rate of melanoma patients and GEF-H1 expression, and confirmed the function of GEF-H1 in melanoma cells.

Patients and methods
====================

Patients and tissue samples
---------------------------

The study protocol and acquisition of tissue specimens were approved by the Ethics Committee of Biomedicine Research, General Hospital of Shenyang Military Command and complied with the 1964 Declaration of Helsinki and its later amendments or comparable ethical standards. Clinical trial registration: Clinical and Basic Research of Melanoma Cancer Number 2008R18. Written informed consent was obtained from all individual participants included in the study. All cases were diagnosed with melanoma and treated between June 2009 and May 2010 at the General Hospital of Shenyang Military Command. All cases were classified as shown in [Table 1](#t1-btt-10-089){ref-type="table"}. All samples were diagnosed according to the TNM stage for tumor by two senior pathologists. Following surgery, all the tissues were frozen in liquid nitrogen for research.

Laser capture microdissection was performed on melanoma tumors that were selected out of convenience, that is, tumor blocks were readily available for the tissue sectioning required for laser capture microdissection.[@b19-btt-10-089]

Cell culture
------------

Human melanoma cell line A375 and A875 cells (Procell, Wuhan, People's Republic of China) were starved in Dulbecco's Modified Eagle's Medium (Thermo Fisher Scientific, St Louis, MO, USA) containing 10% fetal calf serum (Thermo Fisher Scientific).

MTT assay
---------

A total of 1×10^4^ cells were mixed with 0.1 mL DMEM with 10% fetal calf serum and then plated onto 96-well plates; 12 hours later, transfection was performed, and after 24 hours, the cells were incubated for 0 hour, 12 hours, 24 hours, 36 hours, and 48 hours. We used 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide (MTT) assay to measure the capability of cellular proliferation. We added 5 mg/mL of MTT to each well. After 4 hours, the medium was replaced by 0.1 mL dimethyl sulfoxide. Microplate Reader (Bio-Rad Laboratories Inc., Hercules, CA, USA) was used to measure the optical densities at 490 nm as described previously.[@b20-btt-10-089]

Metastasis assay
----------------

The matrigel invasion chamber was used to assess the cell invasion ability (24-well plates, 8 μm pore size; Corning Incorporated, Corning, NY, USA). In brief, 1×10^5^ cells in serum-free media were seeded in transwell chambers with matrigel membrane covered or uncovered with the media containing 0.1% bovine serum albumin, while the media containing 30% fetal bovine serum was placed in the lower well. After 24 hours of different treatments, the noninvading cells were removed using cotton swabs. Cells at the bottom of the membrane were stained with 0.1% crystal violet and were counted under microscopic observation.

Reverse transcription and quantitative real-time PCR
----------------------------------------------------

Total RNA of A375 cells and tissues was isolated by TRIzol (Thermo Fisher Scientific) according to the manufacturer's protocol. Total RNA was reverse transcribed to complementary DNA by an RT reaction kit (Promega Corporation, Fitchburg, WI, USA). Real-time polymerase chain reaction (PCR) was performed by an Mx 3000P real-time PCR system (Thermo Fisher Scientific) and SYBR Premix Ex Taq (TaKaRa) as a DNA-specific fluorescent dye. Primer sequences for detection of messenger RNA (mRNA) expression were synthesized as shown in [Table 2](#t2-btt-10-089){ref-type="table"}.

All the reactions were repeated at least three times. Gene expression levels were calculated relative to GAPDH by using StratageneMx 3000P software.

Western blot analyses
---------------------

To determine the expression of protein, 30 μg of protein from each sample was subjected to 12% sodium dodecyl sulfate polyacrylamide gels and transferred on to a nitrocellulose membrane. Target proteins were probed with specific antibodies -- GEF-H1 (sc-134827), RhoA (sc-119), p21 (sc-21532), matrix metallopeptidase 9 (MMP9; sc-21733200), mouse anti-human IgG (sc-2005), rabbit anti-human IgG (sc-2775), and GAPDH (sc-365062) (Santa Cruz Biotechnology Inc., Dallas, TX, USA).

Overexpress GEF-H1 cells
------------------------

We construct the GEF-H1 plasmid (forward primer \[5′→3′\] CAGACTTCCTGTCCCCGAGA; reverse primer \[5′→3′\] TCAGTGTCCTCACATGGTGC). GEF-H1 overexpression cell line was obtained by transfection of empty vector plasmids and GEF-H1 plasmids.

Transfection of short hairpin RNA
---------------------------------

To stably silence GEF-H1, cells were transfected with a set of short hairpin RNA constructs against human GEF-H1 and pRS-shGEF-H1 (Shanghai GeneChem Company, Shanghai, People's Republic of China). pRS vector was used as a control.

Immunofluorescence staining
---------------------------

After fixing in 10% formaldehyde, the pathological slides were deparaffinized in xylene and rehydrated in decreasing concentrations of ethanol to water. Then all the reactions were carried out as described.[@b21-btt-10-089] Sections were immunostained with GEF-H1 antibody (sc-134827) (1:200). All slices were independently assessed by two experienced pathologists who were ignorant of patients' clinical pathology and other information. GEF-H1 expression level was evaluated via positive staining proportion and intensity of tumor cells. Slices with inconsistent results were reexamined by the original two pathologists and a senior pathologist until a consensus.

Statistical analysis
--------------------

Chi-square test was used to analyze the relationship between GEF-H1 overexpression and clinicopathological variables. All data were analyzed with SPSS17.0 (SPSS Inc., Chicago, IL, USA) and GraphPad Prism Version 6.0 (GraphPad Software, Inc., La Jolla, CA, USA). Difference was analyzed by analysis of variance test. Statistical significance was defined as *P*\<0.05. All experiments were repeated three times.

Results
=======

mRNA and protein expression of GEF-H1 in melanoma tissues and adjacent tissues
------------------------------------------------------------------------------

To test if there was a difference in GEF-H1 in melanoma tissues and adjacent tissues, the mRNA levels were measured by real-time PCR and the protein levels were measured by Western blot ([Figure 1A and B](#f1-btt-10-089){ref-type="fig"}). Also we did the immunohistochemical staining for GEF-H1 expression in melanoma ([Figure 1C](#f1-btt-10-089){ref-type="fig"}). We found that the expression of GEF-H1 in melanoma tissues was much higher than that in adjacent tissues of the same person. We classified 60 patients with melanoma according to the literature,[@b22-btt-10-089],[@b23-btt-10-089] and the results showed that the expression of GEF-H1 was correlated with melanoma prognosis ([Table 1](#t1-btt-10-089){ref-type="table"}).

mRNA and protein expression of GEF-H1 in melanoma tissues
---------------------------------------------------------

To determine whether there was a difference of GEF-H1 expression in melanoma tissues, the mRNA levels were measured by real-time PCR and the protein levels were measured by Western blot ([Figure 2A and B](#f2-btt-10-089){ref-type="fig"}). Also by correlation analyses we found that the expression of GEF-H1 was related to the prognosis of melanoma ([Figure 2C](#f2-btt-10-089){ref-type="fig"}). As shown, the expression levels of GEF-H1 were distinctly increased with the development of melanoma. It means that melanoma tissue samples with high expression of GEF-H1 tend to be with higher pathological stage. We also evaluated in the 60 cases the prognostic value of GEF-H1 positive on overall survival. As shown by the Kaplan--Meier analysis and log-rank test ([Figure 2D](#f2-btt-10-089){ref-type="fig"}), we found that patients with high expression of GEF-H1 had a significantly worse overall survival than those with low expression. The results indicated that the expression of GEF-H1 was increased with the shortened survival, which suggested that GEF-H1 may play an important role in the progression of melanoma.

GEF-H1 promoted the proliferation of melanoma cells by GEF-H1/RhoA pathway
--------------------------------------------------------------------------

As we all know, GEF-H1/RhoA pathway is associated with cancer cells proliferation. We were interested that if GEF-H1 played an important role in melanoma cells growth. By MTT assay, the effects of GEF-H1 on A375 and A875 cell growth were detected. We found that the proliferation of cells was induced in a concentration-dependent manner of GEF-H1 ([Figure 3A](#f3-btt-10-089){ref-type="fig"}). Then, the effect of GEF-H1 knockdown was observed in cells/si-GEF-H1 and cells/si-NC (negative control). Results showed that there was a significant difference between si-NC groups and si-GEF-H1 groups in cells proliferation ([Figure 3B](#f3-btt-10-089){ref-type="fig"}). These indicated that GEF-H1 could promote proliferation of A375 and A875 cells in a concentration-dependent manner. Since we know p21 is a key downstream protein of GEF-H1/RhoA pathway, we examined the expression of RhoA and p21 by Western blot and real-time reverse transcription PCR. Results showed that when A375 cells were transfected with GEF-H1, RhoA was increased and p21 was decreased in both mRNA and protein levels ([Figure 3C--F](#f3-btt-10-089){ref-type="fig"}). These results mean that GEF-H1 can promote melanoma cells proliferation.

GEF-H1 promoted the metastasis of melanoma cells by GEF-H1/RhoA pathway
-----------------------------------------------------------------------

To study whether GEF-H1 is involved in migration and invasion of tumor cells, transwell assay (with or without matrigel) was performed. Results showed that GEF-H1 significantly promoted the invasion and migration potential of A375 cells in a dose-dependent manner ([Figure 4A and B](#f4-btt-10-089){ref-type="fig"}). In addition, we found the cells metastasis was inhibited after transfected with si-GEF-H1 ([Figure 4C and D](#f4-btt-10-089){ref-type="fig"}). Subsequently, MMP9, the indicator of metastasis, was tested at protein and mRNA levels, respectively. With the increase of GEF-H1, MMP9 expression significantly increased, which implied that GEF-H1 promoted the metastasis potential of A375 cells ([Figure 4E and F](#f4-btt-10-089){ref-type="fig"}). Then, the effect of GEF-H1 knockdown was observed with A375/si-GEF-H1 and A375/si-NC (negative control) cell lines. Results showed that, compared with A375/si-NC (negative control) cell lines, there was a significant difference in mRNA and protein levels of MMP9 ([Figure 4G and H](#f4-btt-10-089){ref-type="fig"}). These results confirmed that GEF-H1 can promote the metastasis of melanoma cells.

The earlier results indicated that GEF-H1 may be a valuable biomarker in degree of melanoma and evaluation prognostic following surgery. Also GEF-H1 can promote the proliferation and metastasis of melanoma.

Discussion
==========

Worldwide, the rate of new cases of melanoma has been rapidly increasing for many years, and the current 5-year survival rate for patients is very low.[@b24-btt-10-089]--[@b26-btt-10-089] Surgical resection is considered to be the most effective method of treatment; however, it cannot prolong the survival of patients significantly.[@b27-btt-10-089],[@b28-btt-10-089] Consequently, it is necessary to explore sensitive and specific molecular markers associated with diagnosis and progression of melanoma.

Since activating mutations in the BRAF oncogene are present in \>70% of melanomas and \>90% of which are BRAF^V600E^, BRAF^V600E^ has been known as a target of therapy of melanoma.[@b29-btt-10-089]--[@b32-btt-10-089] Moreover, reports showed that GEF-H1 expression increased in BRAF^V600E^-transformed cells.[@b18-btt-10-089] We wonder if GEF-H1 plays an important role in melanoma.

GEF-H1 is known to be associated with cytoskeletal structure, microtubules, and actin cytoskeleton.[@b33-btt-10-089],[@b34-btt-10-089] GEF-H1 promotes Rho activity through catalyzing the exchange of GDP for GTP to generate the activated form of Rho and is involved in the regulation of RhoA; hence, it has been characterized as a RhoA-specific GEF.[@b35-btt-10-089]--[@b41-btt-10-089] GEF-H1 was reported to be highly expressed in several human malignancies.[@b14-btt-10-089],[@b42-btt-10-089],[@b43-btt-10-089] However, only one report showed that modulation of GEF-H1 can induce signaling in brain metastatic melanoma cells.[@b44-btt-10-089] In this study, we first found that GEF-H1 showed a dramatically higher expression in melanoma. Real-time PCR and Western blot analyses of the 60 cases we detected showed that the mRNA and protein levels of GEF-H1 in melanoma tissues were 35.87% (*P*\<0.01) and 25.86% (*P*\<0.01), respectively, higher than those in normal tissues. Through the literature,[@b22-btt-10-089],[@b23-btt-10-089] we learned that the development and prognosis of melanoma are closely related to primary tumor ulceration, lymph node metastases, distant metastases, and tumor thickness, and melanoma can be grouped into four stages based on these clinical features. Through the chi-square test, we found that there was a correlation between GEF-H1 and the TNM stage of melanoma. Our study also identified that GEF-H1 is associated with the grades and overall survival of melanoma patients.

GEF-H1 has been reported to contribute to the growth and survival of cancer cell lines by harboring stabilizing p53 mutations,[@b14-btt-10-089] serving to coordinate Rho-, Rac-, and Cdc42-mediated signaling pathways[@b45-btt-10-089] and regulating the endomitosis in megakaryocytes.[@b46-btt-10-089] In our experiments, we found that GEF-H1 can promote the proliferation of melanoma cell lines -- A375 and A875. This regulation function was achieved by changing the mRNA and protein contents of RhoA and p21. In addition, many reports showed that GEF-H1 is activated by stiff collagen matrices, and its exchange activity is required for RhoA activation.[@b47-btt-10-089],[@b48-btt-10-089] GEF-H1 expression is associated with cell migration and invasion in two-dimensional and three-dimensional matrices.[@b48-btt-10-089],[@b49-btt-10-089] GEF-H1 has been reported to contribute to directional cell migration by regulating β1 integrin surface levels and activity[@b50-btt-10-089]; overexpression in hepatocellular carcinoma promotes cell motility via activation of RhoA signaling[@b12-btt-10-089] and is related to metastasis of mouse neuroblastoma cells[@b51-btt-10-089] and prostate cancer cells.[@b52-btt-10-089] MMP9 is closely related to the invasion and metastasis of cells, which can be regulated by RhoA.[@b53-btt-10-089] In our report, we found that GEF-H1 can promote the expression of MMP9. Hence, we considered that GEF-H1 can promote melanoma cell metastasis through MMP9.

Conclusion
==========

To the best of our knowledge, this is the first study to detect the expression patterns and clinical significance of GEF-H1 at transcriptional and translational levels in 60 cases of melanoma tissues. Moreover, we also found that GEF-H1 can promote the proliferation and metastasis of melanoma. Therefore, GEF-H1 may be a valuable biomarker for assessing the degree and prognosis of melanoma following surgery.
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![mRNA and protein expressions of GEF-H1 in adjacent tissues and melanoma tissues.\
**Notes:** (**A**) GEF-H1 mRNA expression in 60 samples of melanoma tissues and normal tissues was detected, respectively, by real-time RT-PCR. Results normalized to those of GAPDH. The expression of GEF-H1 was higher in the melanoma tissues. Data are shown as mean ± SEM. *\*\*P*\< 0.01 versus adjacent tissues group. (**B**) The protein level of GEF-H1 expression in melanoma tissues and normal tissues was detected by Western blot. The expression of GEF-H1 was higher in the melanoma tissues. Data are shown as mean ± SEM. *\*\*P*\<0.01 versus normal tissues group. (**C**) Representative immunohistochemical staining for GEF-H1 expression in melanoma. Left (normal): low expression of GEF-H1 in adjacent tissue. Right (cancer): high expression of GEF-H1 in melanoma tissues. Original magnification ×200.\
**Abbreviations:** GEF-H1, guanine nucleotide exchange factor H1; mRNA, messenger RNA; RT-PCR, reverse transcription polymerase chain reaction; SEM, standard error of the mean.](btt-10-089Fig1){#f1-btt-10-089}

![mRNA and protein expression of GEF-H1 in different melanoma tissues.\
**Notes:** (**A**) GEF-H1 mRNA expression in 60 samples of melanoma tissues were detected, respectively, by real-time RT-PCR. Results normalized to those of GAPDH. The expression of GEF-H1 was increased with the increasing stage of melanoma. *\*\*P*\<0.01 versus I stage group. (**B**) The protein level of GEF-H1 expression of different melanoma tissues was detected by Western blot. The expression of GEF-H1 was increased with the increasing stage of melanoma. Data are shown as mean ± SEM. *\*\*P*\<0.01 versus I stage group. (**C**) The correlation analyses between the expression of GEF-H1 and the prognosis of melanoma. (**D**) The Kaplan--Meier analysis and log-rank test of GEF-H1.\
**Abbreviations:** GEF-H1, guanine nucleotide exchange factor H1; mRNA, messenger RNA; RT-PCR, reverse transcription polymerase chain reaction; SEM, standard error of the mean.](btt-10-089Fig2){#f2-btt-10-089}

![GEF-H1 promoted the proliferation of melanoma cells by GEF-H1/RhoA pathway.\
**Notes:** (**A**) A375 and A875 cells were overexpressed with different concentrations of GEF-H1; 24 hours later, the growth of the cells was detected by MTT assay. Data are shown as mean ± SEM. (**B**) A375 and A875 cells were transfected with si-GEF-H1 and si-NC (negative control), and the growth of the cells was detected by MTT assay. Data are shown as mean ± SEM. (**C** and **D**) A375 cells were overexpressed with GEF-H1, and the indicated proteins and mRNA levels were detected by Western blot and real-time RT-PCR. Data are shown as mean ± SEM. *\*\*P*\<0.01 versus lipo 2000-treated group. (**E** and **F**) A375 cells were transfected with si-GEF-H1 and si-NC (negative control), and the indicated proteins and mRNA levels were detected by Western blot and real-time PCR. Data are shown as mean ± SEM. *\*\*P*\<0.01 versus si-NC group.\
**Abbreviations:** GEF-H1, guanine nucleotide exchange factor H1; mRNA, messenger RNA; MTT, 3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetrazolium bromide; RT-PCR, reverse transcription polymerase chain reaction; SEM, standard error of the mean; hr, hours.](btt-10-089Fig3){#f3-btt-10-089}

![GEF-H1 promoted the metastasis of melanoma cells by GEF-H1/RhoA pathway.\
**Notes:** (**A** and **B**) A375 cells were overexpressed with GEF-H1; 24 hours later, transwell assay with or without matrigel was performed. Cells were counted, and results represent the mean ± SD of three experiments. *\*\*P*\<0.01 versus lipo 2000-treated group. (**C** and **D**) A375 cells were transfected with si-GEF-H1 and si-NC (negative control), and transwell assay with or without matrigel was performed. Cells were counted, and results represent the mean ± SD of three experiments. *\*\*P*\<0.01 versus si-NC group. (**E** and **F**) A375 cells were overexpressed with GEF-H1, and the indicated proteins and mRNA levels were detected by Western blot and real-time RT-PCR. Data are shown as mean ± SEM. *\*\*P*\<0.01 versus lipo 2000-treated group. (**G** and **H**) A375 cells were transfected with si-GEF-H1 and si-NC (negative control), and the indicated proteins and mRNA levels were detected by Western blot and real-time PCR. Data are shown as mean ± SEM. *\*\*P*\<0.01 versus si-NC group.\
**Abbreviations:** GEF-H1, guanine nucleotide exchange factor H1; MMP9, matrix metallopeptidase 9; mRNA, messenger RNA; RT-PCR, reverse transcription polymerase chain reaction; SEM, standard error of the mean; hr, hours.](btt-10-089Fig4){#f4-btt-10-089}

###### 

Association between the expression of GEF-H1 and the clinicopathological features in patients with melanoma

  Variables                  Description                                      Number of patients   GEF-H1 expression   *χ*^2^   *P*-value   
  -------------------------- ------------------------------------------------ -------------------- ------------------- -------- ----------- ----------------------------------------------------
  Primary tumor ulceration   With                                             38                   14                  24       3.695       0.055
                             Without                                          22                   3                   19                   
  Lymph node metastases      0                                                57                   16                  41       3.322       0.190
                             1                                                1                    1                   0                    
                             2--3                                             2                    0                   2                    
  Distant metastases         No distant metastases                            57                   17                  40       1.248       0.264
                             Distant skin, subcutaneous or nodal metastases   3                    0                   3                    
  Tumor thickness            ≤4 mm                                            27                   11                  16       3.722       0.054
                             \>4 mm                                           33                   6                   27                   
  TNM stage                  I                                                5                    2                   3        13.931      0.003[\*\*](#tfn1-btt-10-089){ref-type="table-fn"}
                             II                                               22                   12                  10                   
                             III                                              30                   3                   27                   
                             IV                                               3                    0                   3                    

**Notes:**

GEF-H1 has correlation with TNM stage.

**Abbreviation:** GEF-H1, guanine nucleotide exchange factor H1.

###### 

Primer sequences for detection of messenger RNA expression

  Name     Forward primer (5′→3′)   Reverse primer (5′→3′)
  -------- ------------------------ ------------------------
  GEF-H1   GAGTGCTTTAGGCCGCTTG      GACCTTGGTACAGTTGGCG
  RhoA     GTCCACGGTCTGGTCTTCAG     GTGTCCCACAAAGCCAAC
  p21      GTGGCTATTTTGTCCTTGGG     GGCGCCTGAACAGAAGAAA
  MMP9     CGACGTCTTCCAGTACCGAG     TTGTATCCGGCAAACTGGCT
  GAPDH    CTCTGCTCCTCCTGTTCGAC     GCGCCCAATACGACCAAATC

**Abbreviation:** GEF-H1, guanine nucleotide exchange factor H1.
